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1. INTRODUCTION

The study of atmospheric diffusion can be simply defined as
the investigation of the diluting effects of the atmosphere on a
released contaminant. The atmosphere is most often in a
turbulent state implying that its motions can be predicted only
in a stochastic sense. Since virtually all gaseous pollutants
and most airborne particulates very quickly become well mixed on
the molecular level in the troposphere, diffusion of those
materials can be described in a similar probabalistic manner.
Introducing statistics automatically requires the user to
consider the variations of those statistics in time and space.

As an example of the later, a predicted crosswind concentration
distribution represents only a first order approximation to the
actual distribution, which will often show significant variations
from that prediction. The study of those fluctuations is
presently only beginning (see Sawford, 1985).

This study focuses on the time variations of diffusion
statistics, specifically, the standard deviation of the crosswind
concentration distribution (sigma-y). Skupniewicz and Schacher
(1984b) have shown that overwater releases of material will
diffuse in the crosswind (y) direction with two scales of motion.
On one scale, material will disperse about the centerline of the
plume or cloud due to turbulence of length scales close to the
plume or cloud size. This scale of dispersion is referred to as

relative dispersion, implying that the statistics can be observed




-

e e
B u

-

N

a8 2 s AL

\ 0
LA RN

AV RF RS )

L N Rl IR T A

by the motions of parcels relative to each other in a moving

frame of reference. On the second and much larger scale, the

plume or puff will disperse relative to a fixed axis, usually

chosen to be the mean wind direction. Turbulence acts on the

instantaneous plume or puff as if it were a single entity, and is .
referred to as single-particle diffusion. A more common and

understandable synonym is meander.

Skupniewicz and Schacher (1984a) implicitly considered the
combined diffusion properties of both components when hourly
averaged plume parameterizations were derived from tracer
experiments. In this report, the two components are separated in
order to supply more information on the nature of the diffusion

processes, and resultantly more knowledge of potential hazard

from a contaminant release.
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2. EXPANDED DATA BASE

Most descriptions of plume parameters rely on empirical
formulae and/or major assumptions about the physical behavior of
the atmosphere. Verification of these parameterizations
therefore should utilize data gathered under a wide variety of
atmospheric conditions and geographical locations. The
Environmental Physics Group (EPG) at the Naval Postgraduate
School (NPS) has made a significant effort to collect a diverse,
overwater data base over a several year period for this purpose.
These data are reported in Skupniewicz and Schacher (198L4a) and
will be hereafter referred to as the NPS data. The NPS data
primarily consists of concentration profiles collected from an
aircraft platform at various distances from a continuous surface
release of SF6 gas. Part of the work reported here was to
integrate a new data set collected by the German Military
Geophysical Office (GMGO) (see Groll et al, 1984) into our data
base. These data were obtained in the North Sea via continuous
SF6 releases from a ship and subsequent downwind plume tran§ects

with a second ship sampling gas concentrations. Table 1 1lists

information on the three experiments made available to EPG.




Experiment Data No. of Sampling Boats No. of Plume Transects

23 May-06 Sep 79 3 516

14 Apr-29 Apr 80 L 558

04 Nov-13 Nov 80 y 260

Table 1. GMGO overwater tracer experiments available at EPG-NPS.
Each transect produces an "instantaneous™ sigma-y value used in
this analysis.
Task I specifically involved several steps needed to produce
plume parameters from the GMGO data:
1) transferring original 9-track data files to mass storage
files in IBM 3033 readable format,
combining half-hour average meteorological files with
nearly coincident tracer profiles, and
calculating the second moment of the concentration
distribution (sigma-y) for each profile and the
downwind distance from navigational information.

Table 2 lists the resulting data set contents and format.
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VARIABLE DEFINITION UNITS FORMAT

DATE day, month, year no units 312
. TIME hour Z I4
RH relative humidity % F5.1
WD wind direction deg I4
. DB17 dry bulb at 17m c F5.1
WSM wind speed (MET) m/s F5.2
WB17 wet bulb at 17m C F5.1
‘ ET water temperature C F5.1
. DB3 dry bulb at 3m C F5.1
. WB3 wet bulb at 3m C F5.1
i GRAD gradient C/1000m i4
SB speed of boat /s F5.2
]8 source strength m3/hr F2.0
SH sampling height m I2
. WSS wind speed (SF6) m/s F5.2
! DS distance from source m F8.1
. BTS bearing toward source deg F5.0
. HD heading deg F2.0
: # pt no. of points used for CWCI no units I2
" CWCI cross wind concentration ppb-m F8.0
. integration
X MEAN mean mass position m F6.1
: <D standard deviation m F6.1

Table 2. Contents of new GMGO overwater tracer data set added to
the EPG overwater data base. Format is in FORTRAN code. Public
mass storage data set name is "MSR.F3896.DATA.NEWSM",
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3. RELATIVE DIFFUSION PARAMETERIZATION

The basic approach used in parameterizing the relative
diffusion is to group observations according to Pasquill-Gifford
equivalent stability classes (see Turner, 1967), and then regress
sigma-y versus range (from the release point) for each class.
Sigma-y was defined in the last section as the second moment of
the concentration distribution for a given profile. The
customary assumption that concentration in the y direction is
independent of concentration in either the x or z direction leads
to the conclusion that these instantaneous "snapshots" of the SF6
plume are identical to the crosswind dimensions of a hypothetical
"puff" or "burst" release under the same atmospheric conditions.

The methodology for determining stability class is described
in detail in Skupniewicz and Schacher (1984a). Briefly, the
scheme uses windspeed, air-sea temperature differences and
relative humidity to produce stability classes equivalent to the
well-known Pasquill-Gifford diffusion categories. [Whether a true
equivalence exists is a matter of controversy and is discussed in
Skupniewicz and Schacher (1984a).]

Under this scheme classes are assigned a letter designating
atmospheric stability, with "B" representing the most unstable
situations, "C" representing moderately unstable, "D" representing
neutral, and "E" representing moderately stable conditions.

After dividing the data according to stability, the subsets
were examined for dependence upon wind speed, time of day, and

day to day trends. No obvious dependences were found. Figures
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1-3 show sigma-y vs. downwind distance, with the integer

truncation of the wind speed used as the point designator.
In as much as windspeed gives a first order approximation to
sea-state, increased surface stress within a given stability
class has a negligible effect on diffusion. This result is
particularly surprising for the neuntral case (class D), where a
small air-sea temperature difference will always prodiice neutral
stability under this scheme regardless of windspeed. Intuitively,
one would expect that higher windspeed would enhance the plume
spread. Because stable or unstable profiles tend towards
neutrality as windspeed increases in this stability scheme,
windspeed dependence is not expected in non-neutral categories.
It is also noteworthy that stable situations are found
exclusively in light wind situations in the North Sea experiments.
These situations were not found in the California experiments.

Based on the above data, the parameterization chosen for
relative diffusion is a simple linear relationship. The
following factors influenced this choice. Instantaneous releases
into a turbulent atmosphere will theoretically experience the
following four different growth regimes:

a) the initial stage

b) the inertial stage

¢c) the central stage

d) the final stage

.
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’ The initial stage applies to distances of only 10-100m. The
| inertial stage will be relevent from 100m to less than 1km. The
central stage will apply from 1km to 10km and the final stage
. will apply thereafter. These bounds are highly variable.
The initial stage of growth is valid when the instantaneous
P — puff "remembers" its initial size. In this regime cloud size
will increase linearly with distance or travel time because each
particle in the cloud will move with its initial velocity and the
i particles have not had time enough to become correlated with each
3 other.
The initial stage is followed by growth dominated by

turbulence in the inertial subrange. In the inertial region,

. plume growth can be shown to follow
. 02 = aet3 , (1)
. yr

where Oyr is the relative sigma-y,

A a 1is a constant,

i € 1is the turbulent kinetic energy dissipation rate, and

<

< t 1is travel time of the cloud.

A This inertial stage of growth is valid only where the width of

N

Eh the cloud is small compared to the average height of the cloud;

1 i surface-released clouds seldom meet this criterium.
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Smith and Hay (1961) laid the foundation for considering
cloud spread as a function of turbulent energy in a "sliding”
spectral window. They found both experimentally and
theoretically that cloud spread will approximately follow a

linear growth relationship

v&r-0.22 ix , (2)

where 1 is the total turbulence intensity, and

2
N -T2 : (3)

where X is downwind distance,
u,v,w are fluctuating wind components, and

U is mean windspeed.

Mikkelsen and Eckman (1984) have recently given support to these
results from overland experiments for surface releases in short
to medium ranges.

At long distances from the source, correlation between
hypothetical particles within the cloud approaches zero, and the
spread of the cloud will behave like the asymptotic single-
particle solution,

o<t (4)
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Large scale motions, however, are often organized into coherent

vortex structures (i.e. cyclones). As a result, this limit is

rarely reached, and growth continues along a more or less linear
asymptote.

All of these above arguments and the rather linear shape of
the data scatter lead us to a linear paramterization. The
results are shown in figures 4-6 and summarized in table 3. Note
that there is very little unstable data at ranges greater than
3000m. This is primarily due to the fact that, under these
conditions, diffusion is enhanced and tracer concentrations are
greatly reduced far from the source. This makes the plume
difficult to locate, and may bias measurements towards narrow,
concentrated profiles. The most striking feature is that there
is no clear distinction between P-G classes B and C (GMGO data),
or between classes D and E (both data sets). Those pairs are so
closely matched that we suggest only a two-class parameterization

(also shown in table 3); one for all unstable conditions and a
second for neutral to stable stratification. While turbulence
intensity is not explicitly used in the paramterization, this
two-class system is supported by the calculated wind variances
from the NPS data shown in table 4. These wind data include some
measurements from periods not coincident with tracer releases,
and do not include some periods when tracers were released.
Nonetheless, the largest change in turbulence (when moving from

one to an adjacent category) occurs between class D and class C.

13




" _——— SSu b /et Na L And Mal Wl g . A el e e bl adhrn e g -

o8
oY
?'
>
\’l
s
Y
E)
A0
b
’ L
L
v a0
e,
:. 00
s
:: :)9‘
‘ fun
” mno
-
, “ N0
\ 150
r too
. "
N R T I T T T T P T Y
)
-
5 [
'?: .0
; 400
- [}
;IQJ
-y )
R :_% 200
: 190
~
0.
y 1%0
L4
“ "o
. 1o
L
. o
T DOVMWIND DISTANCE (m)
- Figure 4. Sigma-y relative vs. downwind distance with solid line
- representing the recommended parameterization of table 3. Symbol
s A represents one data point, B represents two data points, etc.
! Same data as figure 1, except long range data is included. Data
is a) Pasquill-Gifford stability class B, GMGO data, and b) class
C, GMGO data.
D‘ -
i 14
$
o~
.4
D D N e e M T TN AN o s o e T T L S A




Ja Rt Bk, R i) A i P} - » e - ¥ o o g0 e peg 2V [ P P
o
. we
%0 v
. (1]

-
.
-

a)

SIGMA-yTr (m)
S
- -

N
3
o

—

se

oo . C——aea
1208 1800 0409 9000 %00

D T T T L LT O Ty Sy - 0n
660 (200 1000 2400 )OO0  )e00 4200 800 3400 000 4400

b)

SICMA-yr (m)
]

106

eeebecumsat cmaemmpoman. 8
[ 1 YT 1000 2400 30080 3400

e ecbrossesaammsote mman by ae R UV R QoY

. . Smenmme -
(3] ] 490 3630 080 oo 1180 re00 8%0 *000 %30

DOWNWIND DISTANCE (m) B,

Figure 5. Same as figure 4, except a) Pasquill-Gifford stability
class D, GMGO data, and b) <class E, GMGO data.

15

.. A 'I:‘.' " "‘.r'.' o

. - - - = - » - T . . E Y T - ‘e - et * t e
N A AL A I I PR R AN AT S L A ST N N iy



1

E—

PR A '

NENC AR SN B g8 W PRI AL AN

2Py MR

ey

we

00

"o

SICMA-yr (m)

%0

200

0

(3 1)

SICMA-yr (m)
b4
L ]

~
-
L3

200

(31

L1

a)

cemmm e e gt et

———mmoe cevmann
400 128 1888 2000 3308 100 4100 2800 380 4008  G4e8 P9 PG c‘“ w»ee o0

b)

A
4
.
L LY
. s s ot —
' i — 3
‘ . . o [
a M A
. a 4R
e A .
4 ass 8 : . . . a
l a TR [ e 7] R . s A‘ ‘ ¢ 'y "
.g TR N . : .
8 . ’ n! a u, ?n LA A
A a8 ‘u a A
e N a8 o
B e Dt Tt P e e S e TSP oo
L] 00 uin (1L i 1 00 5000 o100 008 3400 4000 “O. 'l.. %00 ge09 'ﬂ. %00

DOWNWIND DISTANCE (m)

Figure 6. Same as figure 4, except a) Pasquill-Gifford stability
class D, NPS data, and b) class E, NPS data.

16




: DATA PASQUILL-GIFFORD CLASS SLOPE #POINTS
GMGO B .0u67 132
GMGO C .0357 140

: CMGO D .0227 602

) GMGO E .0178 206

: NPQ D .0178 215
NPS E .0228 72

y GMGO B+C *¥ L0410 272

) GMGO + NPS D+E ** L0211 1096

¥**Last 2 rows are suggested values.

Table 3. Relative diffusion parameterization for overwater,
surface, medium range (1-12km) releases. Slopes are least
squared linear regression to data. Sigma-y relative =
(R1lope)x(downwind distance).

Pasquill-Gifford Sigma Wind Direction (deg) # Hours

) Stability Class 1 min ave 10 min ave Of Data
: B 3.96 6.U1 7
s C 2.95 4,59 1
) D 1.82 2.92 114
E 1.32 2.61 11

Table 4. <Sigma theta as a function of P-G stability class.
fampling rate is 1 Hz. Data is from NPS experiments.

This two-class feature can also qualitively seen in figure 7

where turbulence intensity as a function of stability (defined

»

. using the Monin-Obuknov length [L]) was plotted by Schacher et
al (1982). These data show a step increase in sigma theta

- (turbulence intensity) for the 1 minute averages at roughly L =
-40m. 1 hour averages are also plotted for a comparison, even
thcugh 1 minute averages are much more applicable to relative
diffusion in these experiments. Note that the 1 hour values do

not show this effect and are 4 to 5 times larger than 1 minute
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values. This suggests that our two-class approach may break down
as the cloud travel time increases. We therefore do not recommend

interpolating our results to distances greater than 10 km.

18




e an
AN AP SN

oy
i 1[ {hhfiﬁ

}%}

0 1 ! - o s 1
-g.0 -l.0 0 1.0
70/L,
Figure 7. Wind direction sigma (sigma theta) vs. z/L

(z is the height, 10m, and L is the Monin-
Obukhov length). X's are 1 min awerages,
and O's are 1 hr awerages. Data is from
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4. MEANDER (SINGLE PARTICLE) PARAMETERIZATION

*,

Q For purposes of describing meander, information on the motion
! of the plume is available only from the NPS data set. Meander was
o

p measured by calculating the distance between the center of mass

v,

Q for a given profile and the axis defined by the mean wind vector.

-
"

The method used to calculate the mean wind vector was crucial.

After experimenting with various techniques, we decided to let

the average travel time of the plume define the proper averaging
period for the vector; this travel time was roughly one-half hour.
Since the wind was measured only at the release point, tracer
profiles were correlated with average wind vectors in half-hour
bins offset by 15 minutes to account for plume transfport.

The NPS experiment was desi,;ned so that the plume was sampled
at nearly discrete ranges from the release pcint. This sampling
procedure allowed us to segregate data into range bins. The
collection of off axis center of mass positicons for a given range
bin represents a probability distribution for the meander of a
plume or puff. Each experimental day produced several distribu-
tions at various downwind distances from the source. The distri-
butions were then analyzed for normality, and the standard devia-
tions (which represent sigma-y due to meander) were determined.

The data were examined for dependence on windspeed,
stability class, inversion height, experimental day, and time of
day. The day to day variability was so large that it tended to

swamp other dependencies. Figures 8-21 show day by day plots of

the center of mass distributions interlaced with the respective

wind direction time histories and spectral plots.
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2 minute averages of wind direction sampled at 1 Hz.
points are smoothed with a 5% sliding average. S(n) is wind dir-
ection power spectral density at frequency n. D is the total
sampling time. <DIR>is the mean wind direction.
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Figure 11. a) Wind direction time series, and b) power spectra
for tracer release depicted in figure 10.
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Figure 21. a) Wind direction time series, and b) power spectra
for tracer release depicted in figure 20.
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Individual data points are marked with integer values of the
measurement hour for a given experimental day. Note that the
mean position of the cluster often moves off the centerline, but
data are distributed evenly over the course of a day. Large
variations in the meander "envelope" can be seen from day to day,
and the wind direction time series differ radically. The power
spectra also vary greatly from day to day. Spectral parameters
are summarized in table 5. Spectral gaps (defined in the table 5
caption) exist in most situations, with slopes of approximately
-2 in the low frequency part of the spectra.

There appears to be no clear relationship between the total
energy in the turbulent and low frequency parts of the spectra.
Since meander is driven by the low frequency energy, this
discourages attempts at parameterizations of meander based on
surface layer scaling.

As stated above, center of mass distributions were grouped
by experimental day and range bin. Variations of the position of
the measurement aircraft dictated range bins to be 2 km long.
Relevant statistics are given in table 6. Examination of the
Shapiro-Wilk statistics (Shapiro and Wilk, 1965) indicates that
the crosswind distributions are represented fairly well by normal
distributions. This suggests that Gaussian models will be valid

even for dispersion caused by meander, given the proper sigma-y.
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L Date Classicaly peak Gapo Slopej

[}

L

* 6/21/82 10 min 20 min -6.5/3

" 6/22/82 20 50 -7/3

v 6/24/82 30 50 -6.5/3

i 6/25/82 20 25 -6/3

j 6/27/82 5 15 -5.5/3

“w

N 6/28/82 10 15 -5.5/3

x 6/29/82 ? ? ?

«

Cd

l: 1 Classical peak is the inverse of the frequency associated with

% the "turbulent energy producing" subrange maximum at the low
frequency end of the -5/3 slope {inertial subrange) region.

2 Gap is the inverse of the frequency where a minimum occurs on

the low frequency side of the "turbulent energy producing"

< subrange.

"\ 3 Slope is the log (power) vs. log (frequency) relationship in
only the "low frequency" part of the spectrum. Gap

.. frequencies are not included.

5 Table 5. Summary of wind direction spectra for NPR data depicted

; in figures 9b, 11b, 13b, 15b, 17b, 19b, and 21b.
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DATE RANGE(km) N MEAN{(gm) STD DEVo(p) SKEW3 KURTOSISy We

21Jun82 2 25 -293.0 149.7 -0.2861 -0.3701 0.9705
21Jun82 l 26 -356.5 255.6 +0.6759 +0.0095 0.9554
22Jun82 h b3 -1733.7 392.1 -0.0101 -0.6845 0.9721
24 Jun82 2 13 -80.5 110.3 +0.8840 +0.6898 0.9077
24Jun82 y 34 -678.0 391.5 -0.4567 +1.0885 0.9590
25Jun82 2 14 -201.3 50.4 +0.7334 -0.8242 0.8%12
25Jun82 y 38 -740.9 166.3 +0.7936 +0.8523 0.9474
27Jun82 2 9 -185.9 103.3 -0.0621 -0.0441 C.3567
27Jun82 L 17 -895.4 198.8 -0.1541 -0.1224 C.5674
27Jun82 6 4y -1516.6 415.4 +1.2242 -0.7663 2,570
28Jun82 2 6 -417.3 83.4 +0.8019 -0.1835 C.%-7%.
28Jun82 y 12 -795.0 260.9 -0.1653  +1.4008 . da7
28Jun82 6 6 -970.6 160.5 -1.3268 +1.7325 oL
28 Jun82 8 5 -1165.7 b67.0 +2.1248 4. BCLT 0T
29Juné82 2 3 -613.9 477.9 +0.9695 ------- L.ty
29Jun82 4 12 -913.0 1008.9 +0.6763 +0.0275 .«
29Jun82 6 9 -789.9 966.7 +0.8435 -1.037C ‘
29Jun82 8 1T -1177.6 1380.2 +1.,2122 +0.7888 C.-¢ 7
1 MEAN: Mean position of plume center (as measured frcm the
mean wind centerline) of mass distribution for a
given range bin.
2 STD DEV: Standard deviation of plume center of mass for a

given range bin.

3 SKEWNESR: Measures the tendency of deviations to be larger in
one direction than the other. Values are unbounded.
Positive values indicate a "tail" of values exists
in the values larger than the mean, negative values
indicate a "tail" in smaller values.

4  KURTOSIS: Measures the heaviness of the distribution "tails"
(-2.0 < Kurtosis < =), Relatively large values
indicate normality assumption should be questioned,
but this statistic is unstable for a small number
of samples which is characteristic of this
experiment.

5 W: Shapiro-Wilk statistic for the center of mass
distribntion. Measures the normality of the
distribution (0.0 < W < 1.0). Values close to 1.0
indicate more normal distributions.

Table v. Meander statistics for NPS meander data . N is the
number of profiles for a given crosswind center of mass
distribuation.
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While we were not able to parameterize meander with mean
surface layer metcorological variables, direct measurements of
lateral turbulence intensity did correlate well with the observed
meander standard deviations. Taylor (1921) predicts that when
the length scale cof turbulence is much larger than the scale of
the plume (sigma-y meander in this case) the following simple

formula will apply:

0 = ivx (5)

where Oym is the single-particle lateral standard deviation, or
sigma-y meander,
iy 1is the lateral turbulence intensity,
X is downwind distance.
This is often referred to as the "near-field" approximation to
single-particle diffusion. For application to the present

analysis, we define the lateral turbulence intensity as
i, = Y2 (6)

where <v2> is the variance of the crosswind component measured
over the travel time of the tracer (approximately 1/2
hour) and averaged over the entire day.

U is the mean wind speed
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Figures 22-28 show equation (5) plotted for each

experimental day with the standard deviations of table 5 (sigma-y
meander) depicted as data pointsf Also shown is a least-squared
linear fit to the data.

Note the good agreement between this simple model and the
observed data in almost every case. The key to success is
matching the travel time of the plume to the RMS window in the
turbulence intensity measurement. Also, since the measured
variance is highly non-stationary, it is necessary to average
this quantity over a full day.

The agreement between the data and the near-field
approximation is also supported by our spectral results.

The spectra continue to increase in power through the entire
spectral window (4-8 hr 1) which suggests that turbulent motions

operating at these very low frequencies have very long time

scales as equation (5) assumes.
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Sigma-y meander vs. downwind distance. Error bars

are the standard deviations of downwind distance positions for

a given range bin.
lower is number of data points.
Dashed line is equation 5.

Upper number is Shapiro-Wilk statistic and
Solid line is best fit to data.
Data is NPS, 21 June 1982.
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5. CHEMICAL WEAPONS HAZARD FORECAST PROGRAM MODIFICATIONS

Part of the current research work is to modify the Chemical
Weapons Hazard Forecast Program (CWHFP). This section assumes
the reader is familiar with that program and understands the
program's design, inputs, and operation. EPG modified the 24
May 1984 "test and evaluation" version of this program supplied
to EPG by J. Branum (1984). Later versions of this model may
exist, and the fecllowing modifications can be easily transplanted
into such hybrids.

The proposed modifications specifically make use of the
parameterizations described above and are designed so as to
supply the user with a better understanding of the character of
atmospheric diffusion processes, and hopefully, more information
on how to avoid hazards. The previous model used meteorological
inputs to calculate a stability category, and then calculate one
hour averaged plume dimensions based on stability dependent
sigma-y and sigma-z algorithms. This version uses the same
stability scheme, but replaces the one-hour sigma-y functions
with the relative diffusion parameterization presented above.
Sigma-z parameterizations are unchanged. The resultant
isopleths represent either "dosage" values from an instantaneous
"burst" release or a concentration "snapshot" from a continuous

plume.
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In order to present the meander of a plume (offaxis
excursions of a puff) the single-particle parameterization
developed above is used to obtain a "meander envelope." This
envelope is simply the 2 sigma-y position of the plume or puff
center of mass distribution representing a 95% probability of
impact. This envelope is superimposed on the instantaneous
isopleths in order to show the combined impact of the two
diffusion processes. An artificial "ripple" is convolved into
the instantaneous solution to offer the user a visualization of
meander. The frequency and amplitude of this ripple has no
physical basis, and is only installed to help the user understand
the nature of the meander process.

Figures 29-36 show several examples of model output. Labels
display lethal dose levels on the instantaneous isopleths and a
footnote explains the meander envelope. Instruction manuals
should explain the arbitrary nature of the ripple in order to
avoid false conclusions based on these plots. Note the change in
the frequency of the ripple as the meander envelope shrinks (see
figures 29, 30, 31 or 32, 33, 34). This change again was
arbitrary , and was only intended to suggest the possibility that
the important eddy sizes decrease as the meander decreases. The
amplitude of the ripple, again, was arbitrary (selected to be 1
sigma-y meander) and suggests that the instantaneous position of
the cloud is somewhat random and rarely reaches the meander
envelope bonnds. Also note the change in the instantaneous cloud

dimensions with a change in stability class (figures 29, 20, 31,
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CHEMICZAL HERPON HAZARD FOFPECRASZT PROGRAM - SHAP xXx,a

N

+®

ciaeeness - 98

“l1g
" S . . ‘\ i
B . . . ~ -
o . LY
RINGS = 3P0 YRRDS BERFINGS IN DEG TRUE PLOT FOFMAT @1
TERFRIN TYPE OFEN-SER
MEAN WIND 1@ KTS FROM 275 DEG TRUE
SIGMA WIND DIRECTION <9 DEC
MEAN ALIF TEMP 10 DEG C
MEAN SERA-SURFACE TeEMP  Ind DEC C
FELATIVE HUMIDITY Te %
SURFACE MINING LAYER MY [} METERS BASED ON e« DEFAULT e
STREILITY CATRGORY 3 MODIFIED PRSOUILL
MUNITION TYPE Mr116-S12E BOMB-MISSILE
SOURCE TYPE POINT~EURST
SDURCE SIZE (effective) 8& kG
SOURCE RRTE INZTANTANEOUS

CONTOUF LABREL FOTENTIRL CASURLTYY EFFECTS RPPROX MAX
CDOTE-AGENT . CWITHOUT FFOTECTIOND RHNGE

- LD%O-GD 39°. DERTHS - MOST IMCAPACITATED 87 YARDS
- LDt-GD 1. DERTHS - MAN, INCAFAR{ITATED 1933 YARDS
- Lho-GD NO DERTHS - SCME INCRAPACITATED 2588 TARDS

OUTSIDE  THICK » CONTOUF 15 9% FROBREILITY THART CENTEF OF MASS WILL CROSS

Figure 29, Chemical Weapons Hazard Forecast Program output
sample -- unstable atmosphere, large meander.
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CHEMICAL MERESH HRIHRD FORECARST FPROGRAM - SHAP XX, X

300 AR BERFIMNGS IN DEG TRUE PLOT FUFMAT #1

TERPAIN TVPE OFEN-SER

MEAN WIND 18 kTS FROM 275 DEC TRUE
“1GMA WIHD DIPECTION 10 DEGC

MERN RIP TENP 10 DEG C

MEHN SER-SUPFRACE TEMP 1? DEG C

KELATIVE HUMIDITY To %

SURFRACE MIIING LAJER HT e METEPS BAZED ON o+ LEFAULT ee
STREILITY CATAGORY 8 MODIFIED FASGUILL

MUNTTION TYPE M 11€-312E BOMB - MIZSILE

SOUURCE TYPE POINT-BUPSTY

SOURCE SIJE reffective 8& G

SOQURCE FATE INZTARNTRNEOUS

Y 2ne L RBEL PUTENTIRL CRASUALTY EFFECTS APFPRO.. MAX
CDOE-AGENTD CMHITHOUY PRATECTIQN - RPANGE

- L D®0-GD SO TERTHS - MOST INCAFACITRTED 87?s YTRPDS
- Lo 1. DEATHS - MAN. TNCAFAZTITATED 1933 YARDS
- Lre-4p MG LEATHS - SOME INCAPROITRTED <388 "ARPDS

GUTSIDE - THICH - (ONTQUR 1< 98°. PRFODRFILITY THAT CENTEFR OF MASS WILL CROSS

Figure 30. Chemical Weapons Hazard Forecast Program output
sample -- unstable atmosphere, moderate meander.




CHEMICHAL WERPON HAZARD FORECAST PPOGRAM - SHAP xX. X

2%

PINGS = XB@ YARDS BEAPINGS IN DEG TRULE FLOT FOPMAT #)

TERRRIN TYPE OFEN-SER

MERAN WIND 10 [ 4] FROM 273 DEG TRUE
SI1GMA WIND DPIRECTION ? DEC

MERN AlP TEMP 10 DEGC C

MEAN SER-SURFACE TEMP 1?7 DEC C

FELATIVE HUMIDITY ?0 A

CLUPFACE MIAING LAYER HT -] METERS RRSED ON #e DEFRULT ee
STREILITY CRATAGORY B MOULIFIED PRSOUILL

MUNITION TYPE Mr116-S12E BOMB/MISSILE

SOURCE TVPE POINT-~-BURST

IDURPCE SICE ‘effectrve) -1 kG

S0URCE RRATE THSTHNTANEOUS

CONTOUR LABEL POTENTIAL CASUALT¢ EFFECTS RPFROY MAX
«DOSE-RGENT) VMITHOUT PROTECTIOND PRNGE

- LD%S0-GD S3°. DERTHS - MOSTY INCAPRCITARTED 8?3 YARDS
- LDI-CD 1°. DEATHSE -~ MANY INCAPACITATED 1933 YARDS
- LDO-GD NO DEATHS - SOME INCAPACITATED 2388 YARDS

OHTSIDE -« THICK: CONTOUR 1¢ @3°, PRPOBREILITY TMAT [ENTEE OF MRSS WILL (ROSS

Figure 31, Chemical Weapons Hazard Forecast Program output
sample -~ unstable atmosphere, small meander.




CHENIC K. HIERFOH HAZARD FORECRST PROGRRANM - SHARE XX, Y

1)
=== LDB-GD
"119
PINGS = &PY® YRPDS BEAPINGS IN DES TRUE PLOT FOPMRT @1
TERRAIN YYPE OPEN-SER
MERN WIND 18 kTS FROM 275 DEC TRUE
S1GMA WIND DIRECTION 20 DEG
MEAH AIR TEMP 1?7 DEGC €
MERN SEA-SUPFALE TEMP ¥4 BEG C
FELATIVE WUMIDITY 76 %
SURFRACE MIXING LAYER HT [} METERS BRASED ON e¢ DEFAULT oo
STRBILITY CATAGURY 3 MOUIFIEL FRSOUILL
HOUNITION TYPE ME11€-SIZE EOMB "MISSILE
SUVRCE T.PE POINT-BURST
SOGURCE SIZE ‘efrective) 88 KG
AOURCE FRTE INSTHANTRANEOUS

AN CR AR E N NS P AN RSN N SN S S A N NS C AN r NS A TSR N TN SSNSAISSSSASNEENSNTSANRE

CONTOLR LHEEL POTEMTIML CRSUYRLT, EFFECTS RPPROX MAX

CDOSE-AGENT Y CHITHOUT PROTECTINN PANGE

- LD%9-0D %3°, DERTHMS - MOST [HCHPRCITATED b s ) fRRDS

- Lhi-Gp 1. DEATHI - MAN INCRPRIITRTED 13397  YARDS
Le-Go NU DERTHS - SOME INCAPACITARTED 18638 ARDS

OUTIIDE < THICH Y CONTQUE 5 93° PFOPARPILITY THAT CENTER OF MASS WILL CROSS

Figure 32. Chemical Weapons Hazard Forecast Program output
sample -- stable atmosphere, large meander.
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K
» CHEMICAL (ERPON HRZARD FOPECAST PRPOGRAM ~ SNAP X)X
Ll .. . 1
]
?Q\
N
g
.
) ;
- .
RINGS = 2Po@ YRRDS BERRINGS IM DEG TRUE PLOT FUPMAT #1
- TERRAIN TYPE OFEN-SER
MEAN WIND 10 kTS FROM 275 DEG TRUE
" SIGMA WIND DIRECTION 10 DEG
o MEAN RIP TEMP 17 DEG C
. MEAN SEA-SURFACE TEMP 10 DEG C
s FELATIVE HUMIDITY 70
SURFACE MIMING LAYEP WT ° METEF3 BASED ON «» DEFAULT es
ATAKILITY CATAGORY € MODIFIED PRSOUILL
MUNITION TYPE Mr116-512€ BOME-MISSILE
" SOUFCE TYPE POINT-BURST
SOURCE SIJE (effective? -] G
3 SUUFCE PATE INSTANTANEOUS
.
J L Y A R S SR 2 AR ER T RIS R R R R R R P S S P Y PR RN R 2R RTIETETFSUS T Y 2
» COMTOUS LABEL FOTENTIAL CRSURLTY EFFECTS APPRO MAX
CLPOSE~MGENT CWITHOUY FEOTECTION PANGE
- LDSe-GD SQ'. DEXTMS - MOST INCAFACITATED $778  /ARDS
- Lri-ab 1% LEATHS - MANY [N &PR.ITRATED 13597  vaPDS
) - LDe-5D N3 DEATHS - SOME [NCAPACITATED 18€38 \ARDS
- QUYTSIDE - THICK» CONTQUR % 9%% FROBAKILIT. THAT CENTER OF MASS WILL CROSS
-
y
{ Figure 33, Chemical Weapons Hazard Forecast Program output
: sample —-- stable atmosphere, moderate meander,
.
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Figure 34.

CHEMITAL LIERPGN

HEZAED FOREIAST PROGRAM - SHAL na. -

1 ¢

“ e

RINGS = 2BOY YRPDS

TERRAIN TYPE

MEAN WIND

SIGMAR WIND DIRECTION
MERK AIF TEMP

MEAMN ZER-SURFRCE TEMP
PELATIVE WUMIDITY
SURFACE MINING LAYER HT
STRRILITY CRTHGORY
MUNTTION TYPE

ZOURCE T.PE

BERFINGZ IN DES TRUE PLOT FURMAT #1

OPEN-SER

1@ KTS FROM 27% DEG TRUE
hd DEG

17 DEGC C

10 DEC C

ve %

] METERS BASED ON #¢ LEFAULT %

E MODIFIED PAIGUILL

My 116-S1ZE BOMR MISSILE
FOINT-BURST

SUURCE SIJE (affective) ee KG
SQURCE RRTE INSTANTANEQUS
R EETERA2IINACIETIAINSEANEECER IR SES S EARARIINNIZREYVAXINSRUE SRS NARNENANENRENES

CONTOUE LABEL POTENTIAL CRSURLTY EFFECTS APPRO:" MAX
SDDZE-RGENTD W THOUT PROTECTIONS RANGE

- Lbsa-Gh $@°. DEMTHS - MQST INCAPRACITRTED 7?8 YRRDS
- cIn-Gd 1. DESTHS - MANY INCRPRA(CITATED 13597 SYARDS
- LDe-GD NO DERTHS - S0ME INCRFACITRTED 18638 YRARDS

QUTSIDE - THICr, CONTOUR

38°. PROPARILITY THAT CENTEF OF MASS WILL CROSS

Chemical Weapons Hazard Forecast Program output
sample -- stable atmosphere, small meander.
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CHEMICAL WERPON HRZARD FORECAST PROGRAM - SNAFP XX. X

4

RINGS = 482 YARDS

TEPRAIN TYPE

MEAN WIND

SIGMA WIND DIRECTION
MEAN RIF TEMP

MERAN SER-SURFRCE TEMP
RELATIVE WUMIDITY
SURFACE MIXING LAYER MY
STABILITY CATAGORY
MUNITION TYPE

SOUKCE TYPE

SOURCE SI2E (effective)
SUUKRCE RATE

PLOT FOPMAT #)

BERPINGS IN DEG TRUE

OPEN-SEA

3 KTS FROM 279 DEG TRUE
12 DEG

10 DEC C

17 DEG C

e %

] METERS RASED ON #¢ DEFRULT e»
B MODIFIED FASQUILL

MK116-S1Z€ BOMB/MISSILE
POINT-BURSTY

-1-] KG

INSTANTANEOUS

CONTOUP LABEL
¢DUSE-AGENT)

POTENTIAL (RASUALTY EFFECTS
CWITHOUT PROTECTION) RANGE

APPROX MAX

- LD3D-GD $9°. DEATHS - MOST INCAPRCITATED 1301 YARDS

- LDb1-GD 1.
- LDe-GD

QUTSIDE « THICK -

Figure 35.

DERTHS - MANY INCARPRUITATED <872 YARDS
NO DERTHS - SOME INCAPACITATED 3846 TRARDS

COMTOUR 1S 93°, PROBABILITY THAT CENTER OF MASS WILL CROSS

Chemical Weapons Hazard Forecast Program output

sample -- light wind conditions,




CHEMICAL WERPON MRAZARD FORECAST PROGRAM - GHAP Xx.X

_7®

RINGS = 1b0@ YARDS BERFINGS IN DEG TRUE PLOT FOPMAT &|

TERRAIN TYPE OFEN-SEA

HERAN WIHD 29 KTs FROM 273 DEG TRUE
SIGMA WIKD DIRECTION 4 DEG

MERH RIF TEMP 1?7 DEG C

MEAN SEFM-ZURFRACE TEMP 10 DEG C

RELATIVE HUMIDITY 70 %

SUPFACE MIXING LAYER NT ] METERS BASED ON e+« DEFRULT se
STABILITY CATRGORY D MODIFIED FASOUILL

MUNTITION TYPE Mr116-S12ZE BOMB MISSILE

*OURCE T.PE POINMT-EBURST

ZOUFCE SIZE (effectiue) 86 KG

SOURCE PATE ITNSTAHNTARNEQUS

CONTQUF LABEL POTENTIAL CASUALTYY EFFECTS APPROX MAX
LOTE-HGENTY ‘WITHOLY PFOTECTION® RANGE

- LD3O-CD $@°. DERTHS - MOST INCRFRCITATED 443 YARDS
- LDL1-GD 1. DEATHS - MANY THCRPACITRTED %668 YARDS
- LDA-GD NO DEATHS - 3S0ME INCRPRCITRTED TT1e YARDS

OUTSIDE - TWICh  CONTOUR 1S 95", PPOBABRILITY THAT CENTER OF MASS WILL CROSS

Figure 36, Chemical Weapons Hazard Forecast Program output
sample -- strong wind conditions.
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vs. 32, 33, 34) or wind speed (figures 35 vs. 36) as would be
qualitatively predicted by a Gaussian model. This model requires
one additional user input over those needed in the previous
version; the standard deviation of the wind direction used in the
meander calculations. As stated in the previous sections, the
averaging time must be the cloud travel time to the distance of
interest. Also, the value used should be the average of several
such standard deviations obtained over a significant fraction of
the day. The sampling time is not critical , 1.0 - 0.1 Hz would
be sufficient.

Code modifications are listed in figures 37-40. Figure 37
shows both the turbulence intensity input and the revised sigma
parameter table (relative diffusion). Figure 38 shows where the
meander envelope is calculated while figures 39-40 list the

plotting routine.
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420
430
440
450
460
470
489
490
Seo
S18
520
530
540

37906
3880
3sl0
3826
3830
3840
3850
3860
387@
3880
3890
3900
3910
3920
3930
3940
3950
39¢€0

a
]
Mean_wind_sp_kt=5 ! KTS
Mean_wind_dir=275 ! DEG TRUE
! .
Mix_laver_ht=9 ! METERS

!

| $$$8% NEW 1985 $$$$$8$$s$

Turb_intens=12*P1-180 I turbulence intensity (radiansg’> input
| SESESSSSSESESEESSSESSSSS

[}

DIM M1_ht_est_meths$([30]

MI_ht_est_meths="#% DEFAULT »x*
!

b>

! LOAD ARRAY CONTAINING VALUES OF Rp->Dp
]
FOR PO=1 TO 6 ! WHERE P® = NUMERICAL REFERENCE TO STRBILITY CLASSES
1 (1="A" => 6="F")
RERD Hatrrx_ap(PO),Hatrix_bp(PO),Matrix_cp(PO),Hatrix_dp(Pe)
NEXT PO

! $$58888 NEW 1985 $$$5$$88¢
1

DRTA 0,0,0,0 t -- CAT “A" (NOT USED OVER THE OCEAN)

DATA ©6.0410,1.00,0.32,0.75 ! -- CART "B"

DRTA ©.0410,1.00,8.32,08.70 ! -- CAT "C" sigmas are for relative diffusion
DATA ©6.0211,1.00,0.16,0.65 ! -- CAT "D" in lateral! direction only

DATA ©.0211,1.00,0.10,0.62 ' -- CAT “E"

DATR ©,0,0,0 ! == CAT "F->"C(NOT DEFINED OR USED BY THIS MODEL)>»

| SESESSSESSSSSESISSSSESSSSSS
l

Figure 37. Abbreviated listing of CWHFP showing (a) turbulence
intensity input and (b) new array of sigma parameters,
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5710
Svze
S73ae
S740
S75e
Svee
S?77e
Sree
5790
Sgee
Sg1e
Saze

Sgle
5840
S8s5a
Sgee
S587e
Ssge
5890
5900
S910
5920
5930
S940
5950
5960
5970
S9ge
5990
6800

6010
€020
6030
6040
€850
6060
6670
€080
€090
€100
€110
€12@
6130
€140
6150
6160
€170
6180
6190
6200

Ty Ry Ry R I s R I Y
]

Pt_uvapor_nomix:! CALC MODEL FOR POINT SOURCES OF GASEOUS AGENTS,
! AND NO REFLECTIVE MIXING LAYER CARP

! $$85$$S NEW 1985 $s$$$
DIM Meand_x(108),Meand_y(100>
DIM Data_set_x(3,100>,Data_set_v(3,1080> ! 100 points vs, 20 pts
Points_per_set=1806 ! in old version
! SSESSSSSSSSSSSSSSSSS
|
M_to_yds=39,37-36 ! CONVERSION FACTOR USED IN EQUATIONS BELOW, DEFINED
! AGAIN HERE TO FERMIT TESTING OF PRRTIAL PROGRARM
]
FOR K=1 TO Num_data_sets
Partial_1(K)=Source_size(K) /(PI#60*Mean_wind_sp_m*Dose_val(K))
Max_range_x(K)=(Partial_1 (K> (Rp(KI*Cp<CKI )~ (1/(Bp(K>+DpCK))>)>
Data_set_y(K,8>=0
X_increment=Max_range_x(K>-/Points_per_set
IF X_increment=0 THEN X_increment=1 ! ADDED TO PREVEHT BLOWUP ON BRD DATA
]
FOR J=1 TO Points_per_set
X=J#X_increment
Data_set_x(K,J>=X
Sigma_yx=Ap(K)#X~Bp(K> | ASSUMES NO INITIAL CLOUD SIZE FOR CONSERVATISM
Sigma_zx=Cp(K>#X~Dp (K>
Partial_2(K>z2#L0G(Partial_1(K) (Sigma_yx*Sigiha_zx)>)
IF Fartial_2(K><0® THEN Partial_2(K>=@ ! PREVENT POSSIBLE ERROR IN LATER SQR
CALCULATIONS
Data_setr_u(K,J>=Sigma_yx*SGRC(Partial_2¢(K)>
NEXT J
NEXT K
]
! $$8%8 NEW 1985 $$$$$888¢
RAD
FOR J=1 TO Foints_per_set
X=J#X_increment
IF X>Max_range_x(Num_data_sets)*C0S(2*Turb_intens> THEN GOTO Close¢
Meand_y(J)=X*#TANC(2+#Turb_intens> ! meander envelope is based
Meand_x(J>=X ! only on turbulence intensity and
GOTO Jieeo ! selected to be the 2 sigma value (95%)
)
Close: Meand_y(J)>=SQR(Max_range_x(Num_data_sets?>~2-X~2) ! stop envelope
Meand_x(J>=X ! at maximum range and close with partial circle
J1e0: NEXT J
MAT Meand_x=Meand_x*(M_to_yds)
MAT Meand_y=Meand_y#*(M_to_yds)
'
| SESSSSESSSSSSSS5S55588S

Figure 38, Abbreviated listing of CWHFP showing calculation
of the meander envelope. Points per data set may be adjusted
for speed or better resolution,




-~ EEASLPE g gt g g Ca kit R et it i
S
£
a
N E190 1 $§$8$ NEW 1965 $SSSSSSSSSS$S
7 Se0 DIM Scaled_»(108),Scaled_y<l0@) ' LIMITS BRSED ON “POINTS_PER_SET"
4 $21®  DIM Contour_labl_xi3)>,Contour_labl_v<3> ! LIMIT BASED ON NUM_DATA_SETS
Pl !
: 823 FOF Pornt_num=0 TO Points_per_set ' POINTS_PER_SET preser above
b §240  Scaled_x(Point_numd=Meand_x Point_num>*Scale_factor ! scale meander
§€I50 Zcaled_viPoint_numd=Meand_v(Point_num>*Scale_factor ! envelcope
™ 828 NEXT Point_num
Y 827@ GUSUB Plot_meander ’
) 8280 !
} 2290 | SESSSSESSSFSSSEISESSSSSSSSS
to? 8 !
& 2 FOR Set_num=1 TO Hum_data_sets ' NUM_DRTA_SETS PRESET TO "3, REBOVE N
8z !

&z FOF Fornt_num=8 70 Points_per_set ! POINTS_PER_SET PRESET AREOVE
$caled_x(Point_numi=Data_set_x(Set_num,Point_numd)*Scale_factor
Scaled_v(Point_rnum)=lata_set_y(Set_nun,Point_numd>xScale_factor

-~ NEXT Poiynt_rum

§:To  GOZUE Flot_contour

8350 Contour_tabl_x¢(Set_num)=Scaled_x(Points_per_set)

&33a !

Sd0u I $55$58885 NEW 1985 S$SESSSSSSSSEESSE55ES$5$885888¢

, 84180  RAD
ﬂ 8422 F=Data_set_x(Set_num,Points_per_set> Data_set x(Hum_data_sets,Points_per_s
*u ¢t ' dimensionless distance from source (0,11

v §430 Omega=49#P1-180- Turb_intens ! ARBITRARY frequency of ripple cszcillation

: €440 A=S:aled_x(Points_per_set *TAN(Turb_intenz> ! ARBITRARY ripple amplitude

8450 Ripple=A+*SIH(Omega*FI+*R)> | offset for y position

24e@  Contour_labl_y(Set_numd=Scaled_uv(Points_per_seti+Ripple ! add offser tc la

bel posttiron

= 478 LEG
H S350 | SESSSSSSSESESSSESEESEISSSSISESISESESEESSISSSSSSS
N &479 !
- 85068 HEXT Set_num
s 8510 GOTC Exi1t_data_plot
gsze !
€5z L SEISESS NEW 1989 SESSSSESSSSSSSSSSSSSSSTSSE$$8S  (NEW SUBRUOUTINED
A 8540 '
: £S%@ Fict _neander: ' SUB to plot meander envelope
2N 895¢ed  LINE TYPE 1
. 3970 Man_overstrikex]l ! same as "old" version
- 8528 X_offset=0
. BS9B  0 TOP HALF...vvsveensonsanssonnnas
800 FOR Ztrikecount=8 TO Max_overstrike
‘ 8616 v_offset-.33%Strikecount

BE2O X_offset=.33%#Strrkecount ! strikecounts thicken line

9530 MOVE Scaled_x(®>,Scaled_y(®)>

&cd40 FOR 1.=0 TO Points_per_set

N 850 DRAW Scaled_x(K +X_offset,Scaled_y(K)+Y_offset
> BEEQ MEXT k
gt ) SCALED_X,Y now contain meander envelope
o 8588 ' PLOY "BOTTOM" MHALF
N 869G MOVE Scaled_x(0)>,Scaled_y(@)
) 8700 FOFR r=0 TO Points_per_set
~ €71 DPAW Scaled_x(K>+X _ offset,-(Scaled_y(K>+Y_offset)
6T NEXT K
! 730 NEXT Strikecount
g 8740 RETURNM
. 87S0 | SESESSSSSSSS5S65S55555558$S$
\ Figure 39, Abbreviated listing of CWHFP showing meander envelope
M plotting routine and contour label locating scheme.
"
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s8yrTe
grea
&750
8gao
gel1@

8850
8850
8870

| SE$$38% NEW 1965 $$$$$$$58$ (REVISED SUBROUTINE)
Flot_contour: ! plet contours of the scaled data

RAD
LINE TYPE 1

Omega=d40*F1/180-Turb_intens ! ARBITRARY frequency of ripple ocscillation
i

! PLOT BEGINNING WITH “TOP" HALF OF CONTOUR

!« OVERSTRIKE STUFF OMITTED >

MOVE Scaled_x(B)>,Scaled_y(@)>

FOR ¥=0 TO Points_per_set
R=Data_set_»{(Set_num,Kd>-Dara_set_x(Nun_data_sets,Points_per_zet)> ! dimensi

onless distance from source

8880

A=Scaled_x(K>#TAN(Turb_intens> ! ARBITRARY amplitude of ripple selected tc

be 1 sigma

8890
89eQ
€910
8920
€938
8940
€350
8960
€970
898@
8998
S00u
9018
9020
9033
9040

RipplesR*SIN(Omega*Pl#R> ! offset in v direction
DRAW Scaled_x(K>,Scaled_v(K»+Ripple ! add offset g
NEXT K .
[}
t PLAT "EOTTOM"™ HALF case MOSt sam€E &z "top" half
!
MOVE Scaled_x(@)>,Scaled_y(@)
FOR k=8 TO Points_per_set
R=Data_set_>(Set_num,K>-Data_set_x{Num_data_sets,Point:_per_set)
A=Scaled_x(k>*#TANC(Turb_intens>
Ripple=A*SIN(Omega*PI*#R>
DRAW Scaled_x(K>,-(Scaled_v(K)-Ripple) ! subtract offset
NEXT K
BEG
RETURN ! END OF GOSUB PLOT_CONTOUR
! S$ESSESESSEESSEESSSTSSESSESSSSISSSSSSS

Figure 40, Abbreviated listing of CWHFP showing plotting of
hazard contours based on relative diffusion parameterization.
"Wiggles" are a result of a SIN wave imposed on the Gaussian
plume model solution.
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6. SUMMARY AND FUTURE WORK

The presented work successfully parameterizes relative
lateral diffusion from mean meteorological quantities, verified
via two independent overwater tracer data sets. Single-particle
diffusion is successfully parameterized only through direct
measurements of the lateral turbulence intensity. Once this
quantity is known, however, the parameterization is well behaved.

Future work should attempt to correlate this lateral
turbalence with large scale synoptic features, mesoscale
phenomena, radiosondes profiles, or other more easily measured
quantities. The GMGO researchers are presently being petitioned
for positioning information on their experiments so that a more
thorough verification of the single-particle parameterization can
preceed in the future.

The model is presently designed for only medium ranges, but
conld te extended to greater distances. This extension would
make resalts highly dependent on inversion height. Some
prowvnortic or diagnostic estimate of this quantity could be
incorporated into the model. Longer range overwater experiments

~hoald be researched for plume paramterizations at these

fiotancen,
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